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(57) ABSTRACT

An occupancy sensor detects the occupancy state of a
monitored area. The occupancy sensor may be mounted 1n a
standard junction box at various angles and one or more of
the ultrasonic sensors may be disabled. The occupancy
sensor 1ncludes a PIR sensor and one or more ultrasonic
sensors. The sensor sensitivities and timeout settings may be
programmed by a technician or user via an IR interface or
via a network interface. The settings may be changed
according to control system logic or some other factor such
as date, time or room conditions. Setup of the sensor may
also be performed via the IR interface or network interface.
The occupancy outputs both a signal taking into account the
timeout period as well as a raw data signal. The IR interface
may be used to relay messages between a control system and
external devices. Algorithms employed in the occupancy
sensor allow for the occupancy sensor to process analog
signals from sensors to determine the room state, enhance
performance such as by reducing false trips, enhance energy
savings and force sensors 1nto vacancy or occupancy mode.
The occupancy sensor additionally comprises a microphone.
Sound can be required to qualily detection from another
sensor and may be emploved to prolong the occupancy state

once 1t 1s established.

35 Claims, 14 Drawing Sheets
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OCCUPANCY SENSOR WITH IMPROVED
FUNCTIONALITY

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to building automation and
more specifically to occupancy sensors.

Background Art

Eflicient and productive use of space and resources 1s an
increasingly important goal for businesses and organiza-
tions. Given current concerns about energy costs and public
perception, this trend should continue for the foreseeable
future. Occupancy sensors are a crucial component in real-
1zing this goal.

Occupancy sensors are a common component 1n many
buildings. Typically mounted on ceilings, occupancy sensors
detect the presence of occupants within an area. They are
most commonly used to control the power delivered to
clectrical loads, specifically lights, depending on the occu-
pancy ol the monitored area. For example, an occupancy
sensor may be used to turn off a light 1n an oflice when
occupancy hasn’t been sensed for a period of time, thereby
conserving electricity. Conversely, after a period of vacancy,
the occupancy sensor may conveniently turn on the light
upon sensing occupancy after a period of vacancy. Typically,
a signal 1s transmitted to a switching device, such as a relay
or a power pack, to control the load.

Although most commonly used to directly control a load,
occupancy sensors are increasingly employed in control
systems such as Building Automation Systems (BAS).
BASs, also known as Building Management Systems (BMS)
and Energy Management Systems (EMS), are employed 1n
buildings and structures to control and monitor a building’s
mechanical and electrical equipment. BASs are imple-
mented i buildings 1n varving degrees of complexity and
increase efliciency by exploiting relationships of interrelated
components and sharing information to more accurately
meet demand. In addition to controlling a load, occupancy
sensors employed in BASs may also be networked to other
components in the system to share mnformation. Networked
occupancy sensors may transmit and receive information to
other network components such as other occupancy sensors
and central controllers.

Building designers and managers now desire and there 1s
now a need for an occupancy sensor with improved func-
tionality.

SUMMARY OF THE INVENTION

It 1s to be understood that both the general and detailed
descriptions that follow are exemplary and explanatory only
and are not restrictive of the ivention.

According to a first aspect of the invention, the present
invention provides an occupancy sensor for determining an
occupancy state of a monitored area. The occupancy sensor
includes a passive infrared sensor, an ultrasonic transducer
sensor, a memory encoding one or more processor-execut-
able mstructions and a processor configured to load the one
Oor more processor-executable instructions when encoded
from memory. The passive inirared sensor generates a signal
based on sensed infrared radiation of the monitored area.
The ultrasonic sensor generates a signal based on sensed
ultrasonic echo of the monitored areca. The one or more
processor executable instructions when executed by the
processor cause acts to be performed including: receiving at
least one signal from the passive inirared sensor and the
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2

ultrasonic transducer sensor; sampling the at least one signal
at an analog to digital converter to generate at least one
sampled signal; passing the at least one sampled signal
through a digital bandpass filter to produce at least one
filtered signal; comparing the at least one filtered signal to a
sensitivity threshold; for each filtered signal, increasing a
corresponding count by a first predefined value 11 the filtered
signal 1s above the sensitivity threshold and decreasing the
corresponding count by a second predefined value if the
filtered signal 1s below the sensitivity threshold; for each
count, comparing the count to a count threshold and deter-
mining the occupancy state of the monitored area based on
at least one comparison with the count threshold.

According to a second aspect, the present invention
provides a method for detecting an occupancy state of a
monitored area, the method comprises the steps of: sampling
at least one signal from a passive mnifrared sensor and an
ultrasonic transducer sensor at an analog to digital converter
to generate at least one sampled signal; filtering the at least
one sampled signal through a digital bandpass filter to
produce at least one filtered signal; comparing the at least
one filtered signal to a sensitivity threshold; for each filtered
signal, increasing a corresponding count by a first predefined
value 11 the filtered signal 1s above the sensitivity threshold
and decreasing the corresponding count by a second pre-
defined value 11 the filtered signal 1s below the first sensi-
tivity threshold; for each count, comparing the count to a
count threshold and determining the occupancy state of the
monitored area based on at least one comparison with the
count threshold.

According to a third aspect, the present mmvention pro-
vides a method for detecting an occupancy state of a
monitored area, the method comprises the steps of: sampling
a first signal from a passive infrared sensor and a second
signal from an ultrasonic transducer sensor at an analog to
digital converter to produce a first sampled signal and a
second sampled signal; filtering the first sampled signal and
the second sampled signal through a digital bandpass filter
to produce a first filtered signal and a second filtered signal;
comparing the first filtered signal and second filtered signal
to a sensitivity threshold; increasing a first count by a first
predefined value if the first filtered signal 1s above the
sensitivity threshold and decreasing the first count by a
second predefined value if the first filtered signal 1s below
the sensitivity threshold; increasing a second count by a first
predefined value 1f the second filtered signal 1s above the
sensitivity threshold and decreasing the second count by a
second predefined value if the second filtered signal 1s below
the sensitivity threshold; comparing the first count and the
second count to a count threshold; determining the occu-
pancy state of the monitored area to be occupied if at least
one of the first count and the second count are larger than the
count threshold and the combinational logic operator 1s an or
operator; and determining the occupancy state of the moni-
tored area to be occupied if both the first count and the
second count are larger than the count threshold.

DISCLOSURE OF INVENTION

Briel Description of Drawings

The accompanying figures further illustrate the present
invention.

The components in the drawings are not necessarily
drawn to scale, emphasis instead being placed upon clearly
illustrating the principles of the present ivention. In the
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drawings, like reference numerals designate corresponding
parts throughout the several views.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 illustrates an occupancy sensor mounted 1 a
conference room, 1n accordance with an illustrative embodi-
ment of the invention.

FIG. 2 1s a front view of the occupancy sensor, in
accordance with an i1llustrative embodiment of the invention.

FIG. 3 1s a back view of the occupancy sensor, in
accordance with an 1llustrative embodiment of the invention.

FIG. 4 illustrates a control system including the occu-
pancy sensor, i accordance with an illustrative embodiment
of the invention.

FIG. 5 1s a block diagram of the occupancy sensor, in
accordance with an illustrative embodiment of the invention.

FIG. 6 1illustrates the occupancy sensor communicating,
with a handheld remote control, 1n accordance with an
illustrative embodiment of the mvention.

FIG. 7 1s a flow diagram describing a method for detecting,
an occupancy state ol a monitored area, 1n accordance with
an 1llustrative embodiment of the invention.

FIG. 8 1s a flow diagram describing a method for detecting,
an occupancy state of a monitored area, 1n accordance with
an 1llustrative embodiment of the invention.

FI1G. 9 1s a flow diagram describing a method for detecting
an occupancy state of a monitored area, 1n accordance with
an 1llustrative embodiment of the invention.

FIG. 10 1s a flow diagram describing a method for
combining sensing technologies, 1 accordance with an
illustrative embodiment of the imnvention.

FIG. 11 1s a flow diagram describing a method for
determining which parameters to employ 1n an occupancy
sensor, 1n accordance with an illustrative embodiment of the
invention.

FIGS. 12A and 12B are flow diagrams describing a
method for detecting an occupancy state of a monitored area,
in accordance with an illustrative embodiment of the inven-
tion.

FI1G. 13 1llustrates a low pass filter, 1n accordance with an
illustrative embodiment of the ivention.

FI1G. 14 illustrates a high pass filter, 1n accordance with an
illustrative embodiment of the invention.

LIST OF REFERENCE NUMBERS FOR TH.
MAJOR ELEMENTS IN THE DRAWING

L1

The following i1s a list of the major elements in the
drawings in numerical order.

10 occupancy sensor

12 conference room

40 control network

60 remote

61 wireless communication channel

101 Fresnel lens

102a first pair ultrasonic transducer sensor

10256 second pair ultrasonic transducer sensor

103 hole

104 central processing unit

105 passive inirared sensor

106 audio sensor

107 ambient light sensor

108 visual indicator

109 audio indicator

110 network interface
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111 wireless communication interface
112 analog interface

113 low pass filter

114 high pass filter

115 main memory

116 nonvolatile memory

401 control processor

402 lighting device

403 audiovisual device

404 shade device

405 HVAC device

406 scheduling server

407 computer

408 communication network

701 passive inirared occupancy detector algorithm

702 filter and sensitivity parameters

703 ultrasonic occupancy detector algorithm

704 sensor combining algorithm

705 timeout logic

801 (step of) sampling signal

802 (step of) filtering signal at high pass filter

803 (step of) filtering signal at low pass filter

804 (step of) taking absolute value

805 (step of) comparing result to a sensitivity threshold

806 (step of) incrementing count

807 (step of) decrementing count

808 (step of) comparing count to a count threshold

809 (step of) setting count equal to the count threshold

810 (step of) setting presence equal to occupied

811 (step of) comparing count to zero

812 (step of) setting count equal to zero

813 (step ol) setting presence equal to vacant

901 (step of) comparing signal to a mimmum sensitivity
threshold

902 (step of) incrementing count

903 (step of) step of comparing signal to a maximum
sensitivity threshold

904 (step of) determining 11 count 1s greater than zero

905 (step of) decrementing count

906 (step of) comparing count to a count threshold

907 (step of) determining room state to be occupied

908 (step of) determining room state to be vacant

1001 (step of) determining combinational logic operator

1002 (step of) determining 11 ultrasonic or passive inira-
red motion detected

1003 (step of) setting occupancy state to occupied

1004 (step of) determining 11 ultrasonic sensor disabled

1005 (step of) determining 1f passive infrared motion
detected

1006 (step of) determining 11 ultrasonic motion detected

1007 (step of) determining i1f ultrasonic and passive
inirared motion detected

1101 (step of) determining 1f room state 1s occupied

1102 (step of) using predefined occupancy state param-
eters

1103 (step of) using predefined vacancy state parameters

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Reference will now be made to the exemplary embodi-

ments illustrated 1n the drawings, and specific language will
be used herein to describe the same. It will nevertheless be

understood that no limitation of the scope of the mnvention 1s

thereby intended. Alterations and further modifications of
the inventive features illustrated herein, and additional

applications of the principles of the inventions as 1llustrated
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herein, which would occur to one skilled in the relevant art
and having possession of the disclosure, are to be considered

within the scope of the mvention.

Unless the context clearly requires otherwise, throughout
the description and the claims, the words ‘comprise’, ‘com-
prising’, and the like are to be construed i1n an inclusive
sense as opposed to an exclusive or exhaustive sense; that 1s
to say, 1n the sense of “including, but not limited to™.

MODE(S) FOR CARRYING OUT TH.
INVENTION

(Ll

The present invention involves an mventive occupancy
sensor. More specifically, the present invention provides an
occupancy sensor that detects occupancy conditions with
improved functionality. The occupancy sensor detects occu-
pancy with multiple types of sensors.

The occupancy sensor comprises a low-voltage passive
inirared (PIR) sensor and ultrasonic transducer sensor. The
occupancy sensor operates on a control network to control
lighting and other networked devices. The occupancy sensor
operating settings are remotely configurable such as via a
graphic user interface on a network device or an IR setup
remote. The sensor 1s typically employed to turn lights on
when a room or area 1s occupied and to shut them off when
the room or area 1s vacated. However, the occupancy sensor
1s not limited to such function. The occupancy sensor
combines ultrasonic motion detection sensing, which pro-
vides high sensitivity, and PIR motion detection sensing,
which provides high immunity to false triggering. Addition-
ally, an integrated photocell allows for daylight harvesting
applications.

FIG. 1 shows the inventive occupancy sensor mounted in
a conierence room, according to an embodiment of the
invention.

The occupancy sensor 10 detects the occupancy state of
the conference room 12 and generates an occupancy signal
based on the occupancy state of that monitored area. For
example, the occupancy sensor may generate a binary signal
with one logical level representing an occupied state and the
other logic level representing a vacant state. Occupancy
determinations may be dependent on a number of settings of
the occupancy sensor 10 which may be preconfigured or
configured through physical interfaces on the occupancy
sensor 10 or remotely via a graphic user interface (GUI) or
remote control 60 (FIG. 6). Additionally, sensitivity settings
may be determined according to one or more factors such as
time event like time of day, day of week or month of year,
a scheduled event, the current occupancy state of the moni-
tored area or the occupancy state of another area. The
sensitivity setting may be determined either locally at the
occupancy sensor 10 or at a network device and transmaitted
to the occupancy sensor 10. For example, the timeout period
of the occupancy sensor 10 may be set. Additionally, the
sensitivity of the mdividual sensors may be set. Finally, the
physical direction of the sensors’ operational range may be
set by altering a mask of the occupancy sensor 10.

In an embodiment of the invention, a first sensitivity
setting and a second sensitivity setting of the occupancy
sensor may be set at a more sensitive level when the
monitored area 1s expected to be occupied such as during
normal business hours or when there 1s a scheduled meeting.
Correspondingly, the sensitivity may be decreased when the
monitored area 1s expected to be vacant such as during night
hours, off-season or when there 1s no scheduled event.

FIG. 2 1s a front view of the occupancy sensor, in
accordance with an i1llustrative embodiment of the invention.
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FIG. 3 1s a back view of the occupancy sensor, 1n accordance
with an illustrative embodiment of the invention. The front
of the occupancy sensor 10 comprises a Fresnel lens 101
disposed 1n center of the occupancy sensor 10 for focusing
the light to the PIR sensor 105 (FIG. 5). Beneath the PIR
sensor 1035, a mask (not shown) 1s inserted. The mask has
twelve thirty (30) degree removable segments that allow
masking particular areas to prevent undesirable triggers
from aflecting the sensor operation. The two pairs of ultra-
sonic sensors are disposed in depressions in the front sur-
face.

The back surface of the occupancy sensor 10 comprises
holes 103 for mounting screws. The occupancy sensor 10
may be mounted in a drop ceiling or 1n a standard wall box,
such as a 4" junction box. Advantageously, the mechanical
design allows for the occupancy sensor 10 to be mounted 1n
the junction box at various angles, thereby allowing the
sensor direction to be optimized for the room shape regard-
less of the orientation of the mounting box.

The occupancy sensor 10 1s mounted on the ceiling of a
monitored area, such as the conference room 12, either in a
ceiling wall box or directly to a ceiling panel, such as with
adhesives, fasteners or other attachment means.

FIG. 4 1llustrates a control network 40 comprising the
occupancy sensor 10, according to an 1illustrative embodi-
ment of the invention. The control network 40 comprises a
control processor 401, one or more controllable devices such
as a lighting device 402, an AV device 403, a shade device

404 and an HVAC device 405, a scheduling server 406, a

computer 407, and a communication network 408.
The occupancy sensor 10 1s configured to communicate
on the control network 40 via one or more communication

interfaces. For example, the occupancy sensor 10 may be 1n
communication with the control network 40 via a wired
RS-485 communication interface. The occupancy sensor 10
may provide information regarding the monitored area to a
control processor 401 either directly or via intermediate
devices. The control processor 401 may employ the infor-
mation to control one or more elements of a structure, log
statistics for the area or any number of other uses.

Typically, the occupancy state determination of the occu-
pancy sensor 10 1s employed to control one or more lights
402 1n the monitored area. However, the control network 40
may employ the occupancy sensor 10 information with one
or more logic engines to control media equipment including
AN equipment 403, shading and drapery eclements 404,
HVAC eclements 403, security elements (not shown), and
other controllable device residing on the control network 40.

The occupancy sensor 10 outputs a signal representing
whether the room 1s determined to be occupied or vacant, the
occupancy state. The occupancy sensor 10 takes into
account a timeout period which may typically be up to thirty
minutes, thereby preventing lights from falsely turning oil
when occupants are still for short periods of time.

In an embodiment of the invention, the occupancy sensor
10 provides one or more control processors 401 of the
control network 40 with both the occupancy state as well as
one or more raw signals corresponding to the current detec-
tion state of the ultrasonic and PIR sensors individually.
Advantageously, the raw signals will provide immediate
teedback to the control system on whether there 1s motion or
not. The control processor 401 may employ this feedback for
control purposes, such as by using the standard occupancy
signal for certain devices and the raw signals for other more
sensitive systems such as security, for logging purposes, or
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to determine the eflectiveness of current settings on the
occupancy sensor 10 such as timeout, sensitivity and direc-
tional settings of the sensor.

FIG. 5§ 1s an illustrative block diagram of the inventive
occupancy sensor 10 according to an embodiment of the
invention. The occupancy sensor 10 may include at least one
central processing umt (CPU) 104. For example, the CPU
104 may represent one or more microprocessors, and the
microprocessors may be “general purpose” microproces-
sors, a combination of general and special purpose micro-
processors, or application specific integrated circuits

(ASICs). Additionally or alternatively, the CPU 104 may

include one or more reduced 1nstruction set (RISC) proces-
sors, video processors, or related chip sets. The CPU 104
may provide processing capability to determine an occu-
pancy state of a monitored area from one or more sensor
inputs. The processor 1s configured to determine the occu-
pancy or vacancy ol the monitored area according to one or
more algorithms as will be described more tully below.

A main memory 115 may be communicably coupled to
the CPU 104, which may store data and executable code.
The main memory 115 may represent volatile memory such
as RAM, but may also include nonvolatile memory, such as
read-only memory (ROM) or Flash memory. In buflering or
caching data related to operations of the CPU 104, the main
memory may store data associated with applications running,
on the occupancy sensor 10.

In an embodiment, the occupancy sensor 10 includes
nonvolatile storage 116. The nonvolatile storage 116 may
represent any suitable nonvolatile storage medium, such as
a hard disk drive or nonvolatile memory, such as Flash
memory. Being well-suited to long-term storage, the non-
volatile storage 116 may store data files and software (e.g.,
for implementing functions on the occupancy sensor 10).

The occupancy sensor 10 comprises a PIR sensor 105.
The PIR sensor 105 measures inirared light radiating from
objects 1n 1ts field of view. The occupancy sensor 10 further
comprises a first pair of ultrasonic transducer sensors 102a
and a second pair of ultrasonic transducer sensors 1025. The
first and second pair 102a, 1026 of ultrasonic transducer
sensors generate high frequency sound waves and evaluate
the echoes which 1s received back by the sensors.

The occupancy of the monitored area 1s determined
collectively from the two sensor technologies according to
individual settings of each sensor technology as well as a
combinational logic operator. Users may desire to change
the sensitivity of the occupancy sensor 10 to account for
environment or according to personal preference. It will be
appreciated that the sensitivity of the occupancy sensor 10
may be adjusted by either adjusting 1individual sensor tech-
nology settings, such as threshold values, or by adjusting the
combinational logic operators.

The sensitivity of the occupancy sensor 10 can be selected
by a user from a handheld remote or can be configured from
a control processor 401 over a network. Additionally, the
sensitivity settings can be determined based on control
system logic and other factors such as a time event, like time
of day, day of week, or month, a scheduled event like a
meeting, the current occupancy state of the monitored area,
and the occupancy state of other arecas in the immediate
vicinity.

Advantageously, the sensitivity of the occupancy sensor
10 can be increased once a room 1s occupied to ensure lights
do not turn off accidentally when occupants are still. Sen-
sitivity could then be reduced once the room 1s deemed
vacant to avoid falsely turning on lights as a result of motion
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nearby such as someone walking past the door of a room 1n
which sensor 1s 1nstalled or HVAC unit 1s turning on.

The timeout setting may also be set from a handheld
remote or control system over the network. Additionally, the
timeout settings can be determined based on control system
logic and other factors such as: time of day, day of week,
state of the current room, and state of other rooms/areas 1n
the immediate vicinity. Advantageously, a user or technician
can reduce the timeout when a room or building 1s typically
not 1n use to avoid lights being left on for extended periods
of time after being triggered by an occupant walking through
the space.

One or more of the ultrasonic transducer pairs may be
locally or remotely disabled to further tailor the range and
responsiveness of the occupancy sensor 10. The pairs can be
remotely disabled from a remote control 60 or via the control
network 40. This 1s beneficial in applications where the
sensor 1s positioned such that one pair of transducers may be
falsely triggered by motion outside the monitored space.

The occupancy sensor 10 further comprises an audio
sensor 106, such as a microphone, for sensing audio in the
monitored area and an ambient light sensor for sensing
ambient light 1n the monitored area. In an embodiment of the
invention, the microphone provides a measure of audible
sound 1n the room and may be employed to quality PIR or
ultrasonic motion detections. For example, in certain appli-
cations detection of sounds in the monitored arca may be
required before the occupancy state 1s determined. Addi-
tionally, the microphone signal can be used to prolong the
occupancy state once it 1s established. In an embodiment of
the invention, the ambient light sensor 107 1s employed 1n
daylight harvesting applications.

The occupancy sensor 10 further comprises one or more
visual indicators 108 such as indicator lights. In an embodi-
ment of the invention, the occupancy sensor 10 comprises
red and green light emitting diodes (LEDs) visible through
the PIR lens. The occupancy sensor 10 turther comprises an
audio indicator 109 such as a beeper for audio feedback.

The occupancy sensor 10 further comprises a network
interface 110, a wireless communication interface 111 and
an analog interface 112. The network mterface 110 1s
configured for communicating on a network. In an embodi-
ment of the invention, the network interface 110 1s an RS485
wired connection. In a further embodiment of the invention,
the network itertace 110 1s a power over Ethernet (PoE)
interface for receiving electric power as well as for sending
and receiving signals over an Internet Protocol (IP) based
network. The occupancy sensor 10 may provide the occu-
pancy state and the one or more raw signals to the network
via the network interface 110. Additionally, the occupancy
sensor 10 may relay information from one or more devices
to the control network 40 via the network interface 110. The
occupancy sensor 10 may receive mnformation from a second
occupancy sensor 10. Additionally, the occupancy sensor 10
may receive mformation from one or more devices such as
a remote control 60 via a wireless communication 1nterface
111 such as an IR interface or an RF interface.

The network interface 110 1s configured to receive infor-
mation from the network, such as sensor settings. In an
embodiment of the invention, the occupancy sensor 10 1s
further configured to relay information from the control
network 40 to one or more devices such as a second
occupancy sensor 10 via a wired connection or a remote
control 60 via a wireless interface.

FIG. 6 illustrates the occupancy sensor 10 communicating,
with a remote control 60, 1n accordance with an illustrative
embodiment of the invention. In an embodiment of the
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imnvention, the wireless communication interface 111 1s an
infrared (IR) interface. In this embodiment, the occupancy
sensor 10 comprises a wireless transcerver, such as an IR
transceiver configured for bi-directional wireless communi-
cation on wireless communication channel 61 with the
remote control 60. The remote control 60 may be a touch-
panel, a smart phone, a tablet computer or any other similar
known device capable of communicating wirelessly with the
occupancy sensor 10. The occupancy sensor 10 may receive
settings or other information from the remote control 60 and
report back its current settings to the remote control 60.

The occupancy sensor 10 receives data as RC-5 encoded
IR messages from a remote control 60 via the IR interface
111. The occupancy sensor 10 1s configured for decoding the
message and transmitting a network message, 1.¢. the data
and address, to the control network 40 via the network
interface 110. Conversely, the occupancy sensor 10 1s con-
figured to receive a network message from the control
network 40 via the network interface 110 and encode and
transmit the message as an RC-5 encoded IR code to a
remote control 60 or other external device capable of
receiving RC-5 encoded IR codes. Advantageously, this
allows one or more devices 1n the room to be controlled via
the occupancy sensor 10.

The analog interface 112 (FIG. 5) may provide a wired
connection for communicating with another occupancy sen-
sor 10. By networking the sensors, either through the analog
interface 112 or via the control system network, multiple
sensors covering a large area may communicate with one
another. Advantageously, 11 one sensor declares the room
vacant, the other sensors can be informed to operate 1n a
more sensitive setting to guarantee occupancy 1s not lost as
people move from one sensor area to another.

FIG. 7 1s a flow diagram describing a method for deter-
mining an occupancy state ol a monitored area, 1n accor-
dance with an illustrative embodiment of the invention. The
central processing unit (CPU) 104 receives raw signals from
the PIR sensor 105 and ultrasonic transducer sensors 102.
The CPU 104 executes a PIR occupancy detector algorithm
701 according to PIR algorithm parameters to determine

whether the PIR sensor 105 detected motion. The CPU 104

executes ultrasonic occupancy detector algorithm 703
according to ultrasonic algorithm parameters to determine
whether the ultrasonic transducer sensors 102 detected
motion. The PIR algorithm parameters and ultrasonic algo-
rithm parameters comprise a sensitivity threshold and a
count threshold.

The CPU 104 executes a sensor combining algorithm 704
from the outputs of the PIR occupancy detection algorithm
701 and the ultrasonic occupancy detection algorithm 703 to
produce a single motion determination from the two. The
sensor combining algorithm 704 operates according to sen-
sor combining parameters. The sensor combining param-
eters comprise a combinational logic operator such as an or
operator and an and operator.

The CPU 104 executes timeout logic 705 on the output of
the sensor combining algorithm 704 to determine the occu-
pancy state ol the room and generates a room state signal.
The timeout logic 705 operates according to a user specified
vacancy timeout. The room state signal 1s output from the
occupancy sensor 10 for use to control one or more devices
and provide information about the monitored area.

The room state signal 1s additionally mput 1nto a filter and
sensitivity parameters circuit block 702. This signal, along
with user specified sensitivity settings determine the PIR
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occupancy detector algorithm parameters, ultrasonic occu-
pancy detector algorithm parameters and sensor combining
parameters.

The central processing unit (CPU) 104 employs the
occupancy detector algorithm to process analog signals from
the one or more sensors to determine the room state. In an
embodiment of the invention, analog signals from the PIR
and ultrasonic sensing devices are sampled by a microcon-
troller analog to digital converter (ADC) and passed through
a digital bandpass filter. For each sensor, the filtered result
1s then compared to a sensitivity threshold and a count is
incremented by a variable “n” 1t above the sensitivity
threshold and decremented by a variable “m” when below
the sensitivity threshold. Each count 1s then compared to a
count threshold. When the count 1s above or equal to the
count threshold the algorithm determines motion to be
present. When the count 1s below the count threshold, the
algorithm determines motion to be absent. Advantageously,
this allows the sensitivity threshold to be set close to the
noise floor. Multiple detections add up over time until the
count threshold 1s met. Accordingly, greater sensitivity can
be obtained 1n the presence of noise.

This digital implementation allows various stages of the
filter to be adjusted based on installation conditions. In an
embodiment of the invention, the high pass frequency cutoil
setting, low pass frequency cutoll setting, and the sensitivity
and count thresholds may be adjusted. Advantageously,
specific frequencies of noise may be filtered or disregarded
depending on installation. For example, the programmable
band pass filter allows for the rejection of low or high
frequency noise such as that caused by vibrating HVAC
ducts and vents.

Additionally, because the CPU 104 monaitors the PIR and
ultrasonic analog signals via 1ts ADC, the option to custom-
ize the processing i1s available. For example, a person
moving through a PIR lens window generates a positive as
well as a negative response. The PIR occupancy detection
algorithm 1n this case can be modified to require both a
positive and a negative response within a time window.

FIG. 8 1s a flow diagram describing a method for deter-
mining the occupancy state of a monitored area, 1n accor-
dance with an 1llustrative embodiment of the invention. The
method shown 1s employed separately on the signal received
from the PIR sensor 105 and the signal received from the
ultrasonic transducer sensor pair 102. In step 801, the sensor
signal 1s sampled at an ADC to produce a sampled signal.
The ADC may be input a reference voltage, such as 3.3 Volts
and sampled at a one kilohertz sampling rate.

In step 802, the sampled signal is filtered of low frequen-
cies by a low pass (LP) filter 113 (FIG. 13). The low pass
filter 113 operates according to a low pass cutoil setting
which may be configured by the user or determined accord-
ing to one or more factors such as a time event, a scheduled
event, and occupancy state. The low pass filter 1s configured
for removing direct current voltages and low frequency
signals 1n the range of one to ten hertz. The low pass filter
may be a one stage IIR filter.

In step 803, the sampled signal 1s filtered of high frequen-
cies by a high pass (HP) filter 114 (FIG. 14). The high pass
filter 114 operates according to a high pass cutofl setting
which may be configured by the user or determined accord-
ing to one or more factors such as a time event, a scheduled
event, and occupancy state. The high pass filter 1s configured
for removing high frequency signals. The high pass filter
may be a one stage IIR filter. In an embodiment of the
invention, step 802 and step 803 may be performed by a
single filter such as by a digital bandpass filter.
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FIG. 13 illustrates a low pass filter 113, in accordance
with an illustrative embodiment of the mvention. FIG. 14
illustrates a high pass filter 114 1n accordance with an
illustrative embodiment of the invention.

In step 804, the signal 1s processed such that the absolute
value of the signal 1s employed.

In step 805, the filtered signal 1s compared to a sensitivity
threshold.

In step 806, 11 the filtered signal i1s greater than the
sensitivity threshold, a count 1s incremented by a first
predefined value “n”. In thus embodiment, greater means
greater than or equal to.

In step 807, 11 the filtered signal 1s less than the sensitivity
threshold, the count 1s decremented by a second predefined
value “m”. In embodiments of the invention, the first and
second predefined values “n” and “m™ are equal.

In step 808, the count 1s compared to a count threshold. In
the embodiment shown 1n FIG. 8, the count threshold 1s one
thousand (1000). However, the count threshold 1s not limited
to one thousand.

In step 809, 11 the count 1s greater than or equal to the
count threshold, the count i1s set to the count threshold and
in step 810, presence 1s set as occupied. In this embodiment,
a value of one represents occupied.

In step 811, 11 the count 1s decremented, a determination
1s made 1f the count 1s less than or equal to zero.

In step 812, 1f the count 1s less than or equal to zero, the
count 1s set to zero and 1n step 813, presence 1s set as vacant.
In this embodiment, a value of zero represents vacant.

FIG. 9 1s a flow diagram describing a method for deter-

mimng the occupancy state ol a monitored area, 1 accor-
dance with an 1llustrative embodiment of the invention. FIG.
9 describes the comparison portion of the method of FIG. 8
in more detail. In step 901, the filtered signal 1s compared to
a minimum sensitivity threshold.

If the filtered signal 1s less than or equal to the minimum
sensitivity threshold, the count 1s incremented 1n step 902 by
a first predefined value, “n”

n”.

If the filtered signal 1s greater than the minimum sensi-
tivity threshold, in step 903, the filtered signal 1s compared
to a maximum sensitivity threshold. The maximum sensi-
tivity threshold 1s greater than or equal to the minimum
sensitivity threshold. If the signal 1s greater than or equal to
the maximum sensitivity threshold, the count i1s incremented
in step 902.

If the signal 15 less than the maximum sensitivity thresh-
old, 1n step 904, it 1s determined whether the count 1s greater
than zero. If the count 1s greater than zero, then 1n step 903,
the count 1s decremented by a second predefined value, “m”.

In step 906, the count 1s compared to a count threshold.

If the count 1s greater than the count threshold, in step
907, motion 1s determined to be present and the state of the
room 1s determined to be occupied. It should be noted that
this 1s not the final determination of the occupancy state. The
individual determinations are combined to determine occu-
pancy state of the monitored area taking into account
timeout logic.

If the count 1s less than the count threshold, 1n step 908,
motion 1s not determined to be present and the state of the
room 1s determined to be vacant. It should be noted that this
1s not the final determination of the occupancy state. The
individual determinations are combined to determine occu-
pancy state of the monitored area until the count threshold
1s met, taking 1into account timeout logic.

FIG. 10 1s flow diagram describing a method for deter-
mimng the occupancy state of a monitored area, 1 accor-
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dance with an illustrative embodiment of the invention. In
step 1001, the combinational logic operator 1s determined.

In step 1002, 1f the combinational logic operator 1s the or
operator, 1t 1s determined 1f the occupancy detection algo-
rithm for the PIR sensor 105 and the ultrasonic transducer
sensor 102 as described above has determined motion to be
present.

In step 1003, 1f the combinational logic operator 1s the or
operator and either the PIR occupancy detector algorithm or
the ultrasonic occupancy detector algorithm has determined
motion to be present, the occupancy state of the room 1s set
as occupied. Additionally, certain variables, such as a no
motion timer, an occ_et timer and a grace occupancy flag,
which are employed by the CPU 104 are cleared.

In step 1004, it 1s determined 1t the ultrasonic transducer
sensors 102 are disabled. In step 1005, 1t 1s determined if the
PIR occupancy detector algorithm has determined motion to
be present. If the ultrasonic transducer sensors 102 are
disabled and the PIR occupancy detector algorithm has
determined motion to be present, i step 1003, the occu-
pancy state of the room 1s set as occupied and the variables
are cleared.

In step 1006, it 1s determined whether the PIR sensor 105
1s disabled. In step 1007, 1t 1s determined 11 the ultrasonic
occupancy detector algorithm has detected motion to be
present. If the PIR sensor 105 1s disabled and the PIR
occupancy detector algorithm has determined motion to be
present, in step 1003, the occupancy state of the room 1s set
as occupied and the variables are cleared.

I1 the ultrasonic transducer sensors 102 and PIR sensor
105 are not disabled, 1t 1s determined 1t both the ultrasonic
occupancy detector algorithm and the PIR occupancy detec-
tor algorithm detected motion to be present 1n step 1008. IT
both the ultrasonic occupancy detector algorithm and the
PIR occupancy detector algorithm detected motion to be
present, 1n step 1003, the occupancy state of the room 1s set
as occupied and the variables are cleared.

The CPU 104 employs an algorithm to enhance perfor-
mance by reducing false trips. For example, a false trip may
be the lights turning off when a room 1s occupied or lights
turning on when a room 1s vacant. The CPU 104 employs an
algorithm that switches between sensitivity thresholds based
on the current state of the room being monitored. Typically,
the sensor 1s operated 1n a less sensitive state when the room
1s determined to be vacant. Upon detection of motion the
sensor switches to a different sensitivity setting. Typically,
the sensor 1s switched to a more sensitive setting to ensure
lights do not turn off falsely when occupants are relatively
stall.

FIG. 11 1s a flow diagram describing a method for
determining which parameters to employ 1n an occupancy
sensor 10, in accordance with an illustrative embodiment of
the invention. In step 1101, a determination 1s made as to
whether the occupancy state of the momitored area 1s occu-
pied.

In step 1102, if the occupancy state of the monitored area
1s occupied, the predefined occupancy state parameters are
used.

In step 1103, 1f the occupancy state of the monitored area
1s not occupied, the predefined vacancy state parameters are
used.

Additionally, to reduce false trips the CPU 104 employs
an algorithm that disables specific sensor iputs depending
on the current state of the room. Typically, the ultrasonic
sensors are reduced in sensitivity or disabled completely
when the room 1s deemed vacant to prevent falsely turming
lights on when motion occurs outside of the area being
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monitored. Once motion 1s detected and the monitored area
1s deemed occupied, the ultrasonic sensors are re-enabled or
sensitivity 1s increased to ensure the lights do not falsely turn
ofl when occupants are relatively still.

Finally, to reduce false trips, the CPU 104 employs
algorithms to qualily occupancy based on one or more
sensor 1puts determining occupancy to be present. The
algorithm can be configured to implement logic requiring
both ultrasonic and PIR sensors to sense motion or either one
to sense motion before declaring the room occupied.

The CPU 104 employs an algorithm to enhance energy
savings. A user can enable a “fast timeout” algorithm
wherein the occupancy sensor 10 uses a short timeout. In a
typical embodiment of the invention, the timeout 1s {ifteen
(15) seconds for the first thirty (30) seconds that a room
becomes occupied before switching to the user programmed
timeout, typically five (5) to thirty (30) munutes. This
algorithm reduces the length of time lights are left on
unnecessarily when occupants enter a room and then imme-
diately exit. For example, a user may enter a room to retrieve
an 1tem and then immediately exit the room. With the
fast-timeout algorithm enabled, entering a room and then
leaving within thirty (30) seconds will result 1n lights turning
ofl fifteen (15) seconds after the room has been vacant as
opposed to a much longer time such as thirty (30) minutes.

In typical installations, lighting 1n a room may be con-
trolled automatically from an occupancy sensor 10 or manu-
ally from a keypad or touch panel. An 1ssue often arises
when an occupant leaves the room and switches lights ofl
manually at the keypad. For example, if an occupant enters
the room after lights have been shut off manually but before
the sensor has reached 1ts timeout value (which can typically
be as long as thirty minutes), the sensor will not trigger an
occupancy event since 1t still deems the room to be occu-
pied. Only after the occupancy sensor 10 has reached its
timeout period and determines the room to be vacant will 1t
then turn the lights back on upon sensing motion. To
overcome this problem, the imnventive occupancy sensor 10
may receive a signal from the control system instructing it
to determine the room as vacant. This allows the occupancy
sensor 10 to determine the room 1s vacant upon the lights
being switched off at the keypad. A turther timeout 1s also
implemented between recerving message to determine the
room as vacant and when the occupancy sensor 10 deter-
mines the room to be vacant to avoid triggering the lights to
turn on while the occupant 1s still exiting the room. For
example, 1n an embodiment of the invention, the forced
timeout may be set to between five (5) and ten (10) seconds
to provide suilicient time for an occupant to exit the detec-
tion range of the sensor after switching the lights ofl at the
keypad.

FIGS. 12A and 12B are flow diagrams describing a
method for determining the occupancy state of a monitored
area, 1n accordance with an illustrative embodiment of the
invention. The flow diagram comprises timers and flags
comprising a no motion timer (1.e. occupancy timeout),
occupancy elapsed time timer which 1s used with a short
timeout, a grace occupancy timer and a grace occupancy
flag. The grace occupancy allows a user to move and turn the
lights back on 11 they exit when a room 1s still occupied. The
flow diagram further comprises mputs comprising an ultra-
sonic transducer sensor disable for each ultrasonic pair, a
PIR sensor disable, a Vac to Occ logic (1.e. combinational
logic operator), an occupancy timeout which ranges from 30
seconds to 30 minutes, and a short timeout enable and
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disable. The short timeout allows for a user to enter an empty
room and exit quickly without having the lights stay on for
the extended timeout period.

Any process descriptions or blocks 1n flow charts should
be understood as representing modules, segments or por-
tions of code that include one or more executable instruc-
tions for implementing specific logic functions or steps in
the process. Alternate implementations are mcluded within
the scope of the preferred embodiment of the present inven-
tion 1n which functions may be executed out of order from
that shown or discussed, including substantial concurrence
or reverse order, depending on the functionality mnvolved, as
would be understood by those reasonably skilled in the art
of the present invention. Also, steps disclosed as separate
may be performed concurrently or combined, and a step
shown as discrete may be performed as two or more steps.
Furthermore, numerical values and disclosures of specific
hardware are 1llustrative rather than limiting. Therefore, the
present mnvention should be construed as limited by only the
appended claims.

In this description, various functions and operations may
be described as being performed by or caused by software
code to simplity description. However, those skilled 1n the
art will recognize what 1s meant by such expressions is that
the functions result from execution of the code by a pro-
cessor or processing unit, such as a microprocessor. Alter-
natively, or in combination, the functions and operations can
be 1mplemented using special purpose circuitry, with or
without software instructions, such as using Application-
Specific Integrated Circuit (ASIC) or Field-Programmable
Gate Array (FPGA). Embodiments can be implemented
using hardwired circuitry without software instructions, or
in combination with software instructions. Thus, the tech-
niques are limited neither to any specific combination of
hardware circuitry and software, nor to any particular source
for the 1nstructions executed by the data processing system.

While some embodiments can be implemented 1n fully
functioning computers and computer systems, various
embodiments are capable of being distributed as a comput-
ing product 1n a variety of forms and are capable of being
applied regardless of the particular type of machine of
computer-readable media used to actually etlect the distri-
bution.

At least some aspects disclosed can be embodied, at least
in part, 1n software. That 1s, the techniques may be carried
out 1n a computer system or other data processing system 1n
response to 1ts processor/processing unit, such as a micro-
processor, executing sequences ol mstructions contained in
a memory, such as ROM, volatile RAM, non-volatile
memory, cache or a remote storage device.

Routines executed to implement the embodiments may be
implemented as part of an operating system, middleware,
service delivery platform, SDK (Software Development Kit)
component, web services, or other specific application,
component, program, object, module or sequence of mstruc-
tions referred to as “computer programs”. Invocation inter-
faces to these routines can be exposed to a software devel-
opment community as an API (Application Programming
Interface). The computer programs typically comprise one
or more 1structions set at various times 1n various memory
and storage devices 1n a computer, and that, when read and
executed by one or more processors/processing units in a
computer, cause the computer to perform operations neces-
sary to execute elements involving the various aspects.

A machine readable medium can be used to store software
and data which when executed by a data processing system
causes the system to perform various methods. The execut-
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able software and data may be stored in various places,
including for example ROM, volatile RAM, non-volatile
memory and/or cache. Portions of this software and/or data
may be stored 1n any of these storage devices. Further, the
data and instructions can be obtamned from centralized
servers or peer to peer networks. Diflerent portions of the
data and 1nstructions can be obtained from different central-
1zed servers and/or peer-to-peer networks. Diflerent portions
of the data and 1nstructions can be obtained from different
communication sessions or 1l a same communication ses-
sion. The data and structions can be obtained 1n their
entirety prior to the execution of the applications. Alterna-
tively, portions of the data and instructions can be obtained
dynamically, just 1n time, when needed for execution. Thus,
it 1s not required that the data and instructions be on a
machine readable medium 1n entirety at a particular instance
of time.

Examples of computer-readable media include, but are
not limited to, recordable and non-recordable type media,
such as volatile and non-volatile memory devices, read-only
memory (ROM), random access memory (RAM), flash
memory devices, floppy and other removable disks, mag-
netic disk storage media, optical storage media (e.g. Com-
pact Disc Read-Only Memory (CD ROM), Digital Versatile
Discs (DVDs), etc.) among others. The instructions may be
embodied in digital and analog communication links for
clectrical, optical, acoustical or other forms of propagated
signals, such as carrier waves, infrared signals, digital sig-
nals, etc.

In general, a machine readable medium includes any
mechanism that provides (1.e. stores and/or transmits) nfor-
mation 1n a form accessible by a machine (e.g. a computer,
network device, personal digital assistant, manufacturing
tool, any device with a set of one or more processors, etc.).

In various embodiments, hardwired circuitry may be used
in combination with software instructions to implement the
techniques. Thus, the techniques are neither limited to any
specific combination or hardware circuitry and software nor
to any particular source for the instructions executed by the
data processing system.

Although some of the drawings illustrate a number of
operations 1n a particular order, operations which are not
order dependent may be reordered and other operations may
be combined or broken out. While some reordering or other
groupings are specifically mentioned, others will be appar-
ent to those of ordinary skill in the art and so do not present
an exhaustive list of alternatives. Moreover, 1t should be
recognized that the stages could be implemented 1n hard-
ware, firmware, software or any combination thereof.

Although illustrative embodiments of the present inven-
tion have been described herein with reference to the accom-
panying drawings, 1t 1s to be understood that the invention
1s not limited to those precise embodiments, and that various
other changes and modifications may be made therein by
one skilled in the art without departing from the scope of the
appended claims.

INDUSTRIAL APPLICABILITY

To solve the atorementioned problems, the present inven-
tion 1s a unique device in which an occupancy sensor 10
employs improved functionality.

LIST OF ACRONYMS USED IN TH.
DETAILED DESCRIPTION OF THE
INVENTION
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The following 1s a list of the acronyms used in the
specification in alphabetical order.
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ADC analog to digital converter
AV Audio Visual

BAS building automation system
BMS building management system
CPU central processing unit

EMS energy management system
HVAC heating, ventilation and air conditioning,
ID 1dentification

IP Internet Protocol

IR 1infrared

LED light emitting diode

PAN personal area network

PIR passive infrared

PoE power over Ethernet

RAM random access memory
ROM read only memory

Alternate Embodiments

Alternate embodiments may be devised without departing
from the spirit or the scope of the invention. For example,
the occupancy sensor 10 may comprise a wireless network
interface 110 such as a wireless PAN interface.

For example, any of the flow diagrams described herein
may be modified or arranged 1n any manner to support
operation 1n various configurations. The tlow diagrams may
include more or fewer blocks, combined or separated blocks,
alternative tlow arrangements, or the like. The flow dia-
grams may also be implemented in the form of hardware,
firmware, or software. If implemented in software, the
software may be written 1n any suitable code 1n accordance
with the example embodiments herein or other embodi-
ments. The software may be stored 1n any form of computer
readable medium and loaded and executed by a general
purpose or application specific processor suitable to perform
the example embodiments described herein or other embodi-
ments.

What 1s claimed 1s:
1. An occupancy sensor for determining an occupancy
state of a monitored area, the occupancy sensor comprising:
a passive infrared sensor configured for generating a
signal based on sensed inirared radiation of the moni-
tored area;
an ultrasonic transducer sensor configured for generating
a signal based on sensed ultrasonic echo of the moni-
tored area;
a memory encoding one or more processor-executable
instructions; and
a processor configured to load the one or more processor-
executable 1nstructions when encoded {rom the
memory wherein the one or more processor executable
instructions, when executed by the processor, cause
acts to be performed comprising:
receiving at least one signal from the passive infrared
sensor and the ultrasonic transducer sensor,
sampling the at least one signal at an analog to digital
converter to produce at least one sampled signal,
filtering the at least one sampled signal through a
digital bandpass filter to produce at least one filtered
signal,
comparing the at least one filtered signal to a first
sensitivity threshold,
maintaining a count ol occupancy detections,
for each filtered signal, increasing the count by a first
predefined value 11 the filtered signal 1s above the
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sensitivity threshold and decreasing the count by a
second predefined value 11 the filtered signal 1s below
the sensitivity threshold,
comparing the count to a count threshold, and
determining the monitored area to be occupied if the
count 1s larger than the count threshold.

2. The occupancy sensor of claim 1 wherein:

the at least one signal comprises a first signal received

from the passive infrared receiver and a second signal
received from the ultrasonic transducer and the first
signal corresponds to a first count and the second signal
corresponds to a second count; and

the one or more processor executable instructions, when

executed by the processor, cause acts to be performed
further comprising determiming the occupancy state of
the monitored area based on a comparison of the first
count to the count threshold, a comparison of the
second count to the count threshold and a combina-
tional logic operator.

3. The occupancy sensor of claim 2 wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determining the monitored area to be occupied 1if the

combinational logic operator 1s an or operator and at
least one of the first count and the second count are
above the count threshold;

determining the monitored area to be occupied it the

combinational logic operator 1s an and operator and the
first count and the second count are above the count
threshold.

4. The occupancy sensor of claim 3 further comprising a
network interface configured for bidirectional communica-
tion on a control network and wherein the combinational
logic operator 1s received from the control network via the
network interface.

5. The occupancy sensor of claim 4 wherein the network
interface 1s further configured for recerving at least one of a
high frequency cutofl setting and a low frequency cutoil
setting.

6. The occupancy sensor of claim 3 further comprising a
wireless communication interface configured for bidirec-
tional wireless communication and wherein the combina-
tional logic operator 1s recerved from a user via the wireless
communication interface.

7. The occupancy sensor of claim 6 further wherein the
wireless communication interface 1s further configured for
receiving at least one of a high frequency cutoll setting, a
low frequency cutofl setting, the sensitivity threshold, and
the count threshold.

8. The occupancy sensor of claim 7 wherein the wireless
communication interface 1s an inirared interface configured
for communicating with a wireless remote control.

9. The occupancy sensor of claim 8 further comprising a
network interface and wherein:

the mirared interface i1s further configured for receiving

and transmitting RC-5 encoded messages; and

the one or more processor executable instructions, when

executed by the processor, cause acts to be performed
comprising converting an RC-5 encoded message to a
network message and converting a network message to
an RC-5 encoded message.

10. The occupancy sensor of claim 1 wherein at least one
of the sensitivity threshold and the count threshold are
dependent on a time event.

11. The occupancy sensor of claim 1 wherein at least one
of the sensitivity threshold and the count threshold are
dependent of the occupancy state of the monitored area.
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12. The occupancy sensor of claim 11 wherein the at least
one of the sensitivity threshold and the count threshold 1s
higher when the monitored area 1s occupied.

13. The occupancy sensor of claim 1 wherein at least one
of the sensitivity threshold and the count threshold are
dependent on an occupancy state of a second monitored
area.

14. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determining the monitored area to be occupied if the

count 1s equal to the count threshold.

15. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

setting the count to the count threshold 1t the count 1s

larger than the count threshold.

16. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

for each filtered signal, increasing the count by the first

predefined value 11 the filtered signal i1s equal to the
sensitivity threshold.

17. The occupancy sensor of claim 1, wherein the first
predefined value and the second predefined value are equal.

18. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determiming an absolute value of the at least one filtered

signal.

19. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determining the monitored area to be vacant 1f the count

1s less than the count threshold.

20. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determining 1f the count 1s larger than zero;

decrementing the count if the count 1s larger than zero.

21. The occupancy sensor of claim 1, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

determiming 1f the decremented count 1s less than or equal

{0 zero;

determining the monitored area to be vacated if the

decremented count 1s less than or equal to zero.

22. 'The occupancy sensor of claim 21, wherein the one or
more processor executable instructions, when executed by
the processor, cause acts to be performed comprising:

setting the decremented count to zero when the decre-

mented count 1s less than zero.

23. A method for detecting an occupancy state of a
monitored area comprising the steps of:

sampling at least one signal from a passive inirared sensor

and an ultrasonic transducer sensor at an analog to
digital converter to produce at least one sampled signal;
filtering the at least one sampled signal through a digital
bandpass filter to produce at least one filtered signal;
comparing the at least one filtered signal to a sensitivity
threshold;

maintaining a count of occupancy detections;

for each of the at least one filtered signals, increasing the

count by a first predefined value 11 the filtered signal 1s
larger than the sensitivity threshold and decreasing the
count by a second predefined value 11 the filtered signal
1s not larger than the sensitivity threshold; and
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comparing the count to a count threshold; and

determining the monitored area to be occupied it the

count 1s larger than the count threshold.

24. The method of claim 23 further comprising the step of
determining at least one of the sensitivity threshold and the
count threshold according to a time of day, a day of week.

25. The method of claim 23 further comprising the step of
determining at least one of the sensitivity threshold and the
count threshold according to a day of week.

26. The method of claim 23 further comprising the step of
determining at least one of the sensitivity threshold and the
count threshold according to the occupancy state of the
monitored area.

27. The method of claim 23 further comprising the step of
determining at least one of the sensitivity threshold and the
count threshold according to the occupancy state of a second
monitored area.

28. The method of claim 23 further comprising the step of
receiving at least one of the sensitivity threshold and the
count threshold from a control network.

29. The method of claim 23 further comprising the step of
receiving at least one of a high bandwidth cutofl setting and
a low bandwidth cutofl setting from a control network.

30. The method of claim 23 further comprising the step of
receiving at least one of the sensitivity threshold and the
count threshold from a user remote control device.

31. The method of claim 23 further comprising the step of
receiving at least one of a high bandwidth cutoil setting and
a low bandwidth cutofl setting from a user remote control
device.

32. The method of claim 23 further comprising the steps
of:

receiving an RC-5 encoded message via a wireless com-

munication interface;

converting the RC-5 encoded message to a network

message; and

transmitting the network message to a control network via

a network interface.

33. A method for detecting an occupancy state of a

monitored area comprising the steps of:
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sampling a first signal from a passive infrared sensor and
a second signal from an ultrasonic transducer sensor at
an analog to digital converter to produce a first sampled
signal and a second sampled signal;

filtering the first sampled signal and the second sampled
signal through a digital bandpass filter to produce a first
filtered signal and a second filtered signal;

comparing the first filtered signal and the second filtered
signal to a sensitivity threshold;
maintaining a first count of occupancy detections by the

passive inirared sensor and a second count of occu-
pancy detections by the ultrasonic transducer sensor;

increasing the first count by a first predefined value if the
filtered first signal 1s above the sensitivity threshold and
decreasing the first count by a second predefined value
if the filtered first signal 1s below the sensitivity thresh-
old;

increasing the second count by a first predefined value 11
the filtered second signal 1s above the sensitivity thresh-
old and decreasing the second count by a second
predefined value 11 the filtered second signal 1s below
the sensitivity threshold;

comparing the first count and the second count to a count
threshold;

determining the monitored area to be occupied if at least
one of the first count and the second count are larger
than the count threshold and the combinational logic
operator 1s an or operator; and

determining the monitored area to be occupied 1f both the
first count and the second count are larger than the
count threshold.

34. The method of claim 33 further comprising the step of

determining the combinational logic operator according to
the occupancy state of the monitored area.

35. The method of claim 33 further comprising the step of
receiving the combinational logic operator according to the
occupancy state of a second monitored area.
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